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614a Wednesday, February 29, 2012the actin-myosin interaction using in vitro motility and laser beam trapping
assays. From the in vitro motility assay, we measured the maximum velocity
from wt a- and b-S1. Using the laser trap, we measured stroke sizes, ATP
binding rates (low [ATP]) and ADP release rates (high [ATP]). Furthermore,
we expressed several HCM (R403Q, S453C) and DCM (S532P) causing mu-
tants, and obtained preliminary in vitro motility and trap data. We have built
a modern version optical trap that can resolve the ~10 nm stroke size and ~10
ms strongly bound state of cardiac b-S1 at high [ATP]. We have further im-
proved the resolution by implementing real-time feedback control in the sys-
tem to accurately determine fine changes caused by the single mutations.
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The current study aimed at investigating the isometric tension, stiffness and
elementary steps of the cross-bridge (XBr) cycle in skinned papillary muscle
fibers from transgenic mice expressing familial hypertrophic cardiomyopathy
(FHC) associated mutation N47K. This mutation, located at the Ca2þ binding
site of myosin regulatory light chain (RLC), is associated with a rapidly pro-
gressing late onset of the disease with mid-ventricular and papillary muscle hy-
pertrophy. We studied the effect of the N47K mutation on the stiffness and the
kinetic constants using skinned muscle strips subjected to increasing concentra-
tions of MgATP, phosphate (Pi), and Ca2þ at 200 mM ionic strength, pH 7.0,
and 20C. The kinetic constants of the XBr cycle and their distribution over 6
states were deduced from the sinusoidal analysis. We found that active tension
was higher in N47K fibers compared with WT. No mutation-mediated signifi-
cant changes were observed in the Ca2þ sensitivity (pCa50) or cooperativity
(nH). The apparent rate constants 2pb and 2pc were smaller in N47K fibers
compared with WT. The rate constant of XBr detachment step (k2) was smaller
while the equilibrium constant of force generation (K4) was larger in N47K
fibers. The stiffness of the standard activation and the number of the strongly
attached XBr were larger in N47K than in WT.These results suggest that the
higher tension in N47K fibers may be related to a larger number of strongly
attached XBr. We conclude that the N47K mutation may initiate a hypertrophic
response through changes in myosin XBr kinetics leading to increased
force during the systole, which eventually results in a pathologic phenotype
in patients carrying this FHC-linked RLC mutation. Supported by NIH-
HL070041 (MK), NIH-HL071778 and HL090786 (DSC) and AHA
10POST3420009 (PM).
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Distribution of orientations of myosin was examined in ex-vivo myofibrils
from hearts of transgenic (Tg) mice expressing Familial Hypertrophic Car-
diomyopathy (FHC) troponin T (TnT) mutations I79N, F110I and R278C.
Humans are heterozygous for sarcomeric FHC mutations and so hypertro-
phic myocardium contains a mixture of the wild-type (WT) and mutated
(MUT) TnT. If mutations are expressed at a low level there may not be a sig-
nificant change in the global properties of heart muscle. In contrast, mea-
surements from a few molecules avoid averaging inherent in the global
measurements. It is thus important to examine the properties of only
a few molecules of muscle. To this end, the lever arm of one out of every
60,000 myosin molecules was labeled with a fluorescent dye and a small
volume within the A-band (~ 1 fL) was observed by confocal microscopy.
This volume contained on average 5 fluorescent myosin molecules. The le-
ver arm assumes different orientations reflecting different stages of acto-
myosin enzymatic cycle. We measured the distribution of these orientations
by recording polarization of fluorescent light emitted by myosin-bound fluo-
rophore during rigor and contraction. The distribution of orientations of rigor
WT and MUT myofibrils was significantly different. There was a large dif-
ference in the width and of skewness and kurtosis of rigor distributions.
These findings suggest that the hypertrophic phenotype associated with the
TnT mutations can be characterized by a significant increase in disorder
of rigor cross-bridges.3120-Plat
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To investigate the molecular mechanism leading to familial dilated cardiomy-
opathy we studied 7 different DCM-causing mutations in thin filament pro-
teins by in vitro motility assay. Troponin I K36Q and troponin C G159D
mutant troponin was extracted from explanted human hearts. Troponin T
DK210 and R141W mutant troponin, and actin E361G were extracted from
transgenic mouse heart. Mutant a-tropomyosin E40K and E54K was ex-
pressed in baculovirus/sf9 cells. We reconstituted thin filaments in vitro
with the mutant sample of interest, or its correspondent wild-type, combined
with troponin or a-tropomyosin from human donor tissue. We could not ob-
serve any common pattern for the absolute Ca2þ-sensitivity of the mutants
compared with the WT thin filaments. In contrast to this we consistently ob-
served that DCM mutations affect the relationship between Ca2þ-sensitivity
and troponin I phosphorylation by PKA. Normally, PKA phosphorylation
of troponin I causes a 2-3 fold decrease in myofibrillar Ca2þ-sensitivity but
we found that, in thin filaments containing DCM mutations, Ca2þ-sensitivity
did not change with the level of troponin I phosphorylation. Uncoupling of
Ca2þ-sensitivity from troponin I phosphorylation was observed for all
DCM mutations tested irrespective of the gene mutated or the source of
the mutant protein. We tested the DCM mutation dose-dependency by mixing
a-tropomyosin E40K, with the wild-type in different ratios, assembling it into
thin filaments and comparing Ca2þ-sensitivity when troponin I was phosphor-
ylated and dephosphorylated. The result was a dramatic effect of uncoupling
with small ratios of the mutant protein with complete uncoupling at 50% mu-
tant. We conclude that the causative property shared by mutations in contrac-
tile proteins that cause DCM is a blunted response to changes in troponin I
phosphorylation that could impair the normal response to adrenergic
stimulation.
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The phosphorylation state of several cardiac myofilament proteins changes
with the level of stretch in twitch-contracting cardiac muscles. It remains un-
clear which kinases are involved in the length-dependent phosphorylation of
these proteins. Therefore, we set out to investigate which kinases are involved
after a step-wise change in cardiac muscle length. We hypothesize that myofil-
ament protein phosphorylation by PKCbII and PKA alter contractile kinetics
during length-dependent activation. Right ventricular intact trabeculae were
isolated from New Zealand White rabbit hearts and stimulated to contract at
1 Hz. Twitch force recordings where taken before and after administration of
kinase inhibitors at varying muscle lengths at 37C. PKCbII inhibition signif-
icantly decreased time from stimulation to peak force (TTP), time from peak
force to 50% relaxation (RT50), and time from peak force to 90% relaxation
(RT90) at optimal muscle length. However, developed tension did not signifi-
cantly change at either muscle length studied. Non-specific PKA inhibition sig-
nificantly decreased TTP and RT50 at both taut and optimal muscle lengths.
Detection of Ser/Thr phosphorylation with ProQ-diamond staining indicates
a role for PKCbII in the phosphorylation of tropomyosin and myosin light
chain-2 (MLC2) and PKA for tropomyosin, troponin-I, and MLC2. Our data
provide evidence for two signaling kinases which act upon myofilament pro-
teins during length-dependent activation, and provide further insight for
length-dependent myofilament function.
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Age-associated diastolic heart failure occurs when the amount of blood filling
the heart between beats is reduced due to slow relaxation and increased pas-
sive stiffness of the left ventricle. We are testing the hypothesis that slowed
active relaxation in diastolic heart failure is caused in part by age-dependent
Wednesday, February 29, 2012 615aalterations in the contractile function of different transmural regions of the
myocardium. Cardiac myocytes from endocardial, midmyocardial, and endo-
cardial regions of the left ventricular free wall were isolated from hearts of 6,
18, and 22-month-old female Fischer 344 rats (n = 2 at each age). Cells were
placed in a superfusion chamber controlled at 25oC and field stimulated at 0.5
Hz. Unloaded sarcomere shortening was measured in an average of 27 cells
per myocardial region per animal. In five of the six animals, significant dif-
ferences in relaxation (time from peak shortening to 50% re-lengthening,
tp50) were observed among cell subtypes (p < 0.05, ANOVA). Analysis of
collated data showed that tp50 was significantly affected by age, tending to
increase in older animals (p < 0.01, two-way ANOVA). Aging appeared
to have the greatest effect on relaxation of epicardial and midmyocardial
cells.
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We have previously demonstrated that substitution of ATP with 2 deoxy-
ATP (dATP) increased the magnitude and rate of force production at all ac-
tivating [Ca2þ] in demembranated cardiac muscle via increased crossbridge
binding and cycling rates. Furthermore, we demonstrated that cellular
[dATP] is increased by adenoviral-driven overexpression of the ribonucleo-
tide reductase (Rrm) complex, which increased contractility with no decre-
ment of relaxation in adult rat cardiomyocytes from normal or infarcted
hearts. In this study we hypothesized that in vivo overexpression of Rrm
would increase cardiac contractility. Elevated cardiac Rrm was accomplished
by 1) transgenic (Tg) overexpression in mice via the chicken beta-actin pro-
moter and 2) intravenous delivery of recombinant adeno-associated virus
(rAAV6) to drive Rrm production using a cardiac specific promoter
(cTnT455). Echocardiographic fractional shortening was significantly in-
creased in 3-month old Tg animals (43.5 5 1.4%) as compared to wild-
type (WT) littermates (34.5 5 2.2%), and this increase persisted at 6 months
of age (42.8 5 2.5% vs 28.8 5 2.7%). Similar increases in FS were seen in
rAAV6-Rrm transduced animals (43.0 5 2.1%) as compared to sham-
injected control animals (32.1 5 2.9%). LV pressure development (balloon
catheterization) was elevated in Tg-Rrm vs. WT Langendorff perfused
hearts, and concurrent NMR spectra indicated no difference in PCr:ATP ratio
during high workload challenge. Upregulation of Rrm was confirmed via
RT-PCR, western blot analysis, and immunohistochemistry. Preliminary
western blot results also suggest no difference in SERCA expression, but in-
creased Ser-16 phosphorylation of phospholamban, in Tg-Rrm vs WT hearts.
This may, in part, explain our previously reported acceleration of Ca2þ tran-
sient decay seen in Rrm-overexpressing cardiomyocytes in vitro. Overall,
these experiments demonstrate the feasibility of directly targeting the
actin-myosin crossbridge to enhance cardiac contractility without impairing
relaxation. HL65497, HL091368, AHA2310117.Platform: Membrane Active Peptides
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We introduce a new method for monitoring and quantitating the transport of
materials across a model cell membrane. As a proof-of-concept, the cell-
penetrating peptide, Pep-1, was used to carry horseradish peroxidase (HRP)
across droplet-interface bilayers (DIBs). Two sub-microliter, lipid-encased
aqueous droplets form a membrane at the contacting interface, through which
enzyme-peptide complexes pass during transport. Following transport, the
droplets are separated and the captured enzymes are assayed by a fluorogenic
reaction. The DIB method recapitulates the findings of earlier studies involving
Pep-1, including the dependence of protein transport on voltage and membrane
charge, while also contributing new insights. Specifically, we found that leaflet
charge symmetry may play a role in Pep-1-mediated protein translocation. Weanticipate that the DIB method may be useful for a variety of transport-based
studies.
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The first complete structure of a voltage-gated potassium channel gave rise to
a controversial model that, unexpectedly, placed the four cationic arginine res-
idues in the S4 segment of the voltage sensor domain in direct contact with
the membrane lipids. The S4 segment was hypothesized to move as much
as 20 A˚ across the membrane during channel gating, contradicting the expec-
tation that highly charged peptides will be excluded from membranes. To as-
sess whether the S4 sequence can insert into and move across a membrane
without being chaperoned by any other part of the protein, we tested the abil-
ity of an isolated S4 peptide to spontaneously translocate across synthetic lipid
vesicles. Translocation of S4 was compared to that of an arginine-containing
peptide that we recently selected from a combinatorial peptide library specif-
ically for its high translocation efficiency. Importantly, the arginines in the se-
lected peptide are present in the same sequence motif as the arginines in S4,
despite the unbiased nature of the library. While control peptides and polar
dyes were excluded, the S4 sequence translocated into multi-bilayer vesicles
with the same efficiency as the previously selected translocating peptide. The
membrane hydrocarbon is not an effective barrier to the transbilayer move-
ment of the highly charged S4 sequence. These results support the idea that
the S4 segment in the sensor domain of voltage gated potassium channels in-
teracts directly with the lipid bilayer and moves across the membrane during
channel gating without being chaperoned by other parts of the voltage sensor
domain.
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In vitro experiments have yielded the ‘code’ that the microsomal Sec61 trans-
locon machinery uses to decide if nascent chain segments are inserted into the
bilayer or translocated across it. Long-scale partitioning simulations can now
provide the transfer free energy for whole peptides in the absence of cellular
machinery. A direct comparison using a series of model peptides (L8X,
L4A4X) reveals both scales to be highly correlated (r2 = 0.91 w/o
X=Pro). This includes cationic sequences (X = R,K), which can insert via
snorkeling of the positively charged sidechains, explaining how the KvAP
S4 helix can insert. The predicted free-peptide insertion propensities are
shifted towards transmembrane (TM) insertion compared to the translocon
scale. This shift originates from the two distinct equilibria involved: Sec61
partitioning is between
the protein conduction
channel of the translo-
con and the bilayer,
with the entry of the
peptide into the translo-





may indicate that the
translocon machinery only allows insertion of sequences that are sufficiently
stabilized so that they cannot spontaneously transition to the surface, a funda-
mental requirement for membrane protein stability.
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Interactions of antimicrobial peptides (AMP) with lipid bilayers and AMP
formed pores are extensively studied to understand their mechanism of action.
We focus on two AMPsMelittin andMagainin 2. Melittin is a well-documented
